A radioimmunoassay for glyceollin I, the major phytoalexin produced by soybean (Glycine max [L.I Merr.), has been developed. Antibodies were raised in rabbits against a glyceollin I-bovine serum albumin conjugate. The Phytoalexins are low mol wt compounds with antimicrobial properties which accumulate post-infectionally in plants from various families (2, 5). Because of these characteristics, an important role in plant disease resistance has been suggested for phytoalexins, and considerable circumstantial evidence for such a role has accumulated (2). To evaluate the significance of phytoalexins in plant disease resistance, quantitative knowledge oftheir exact spatial and temporal distribution within plant tissue at and near infection structures of invading microorganisms is of great importance.
Phytoalexins are low mol wt compounds with antimicrobial properties which accumulate post-infectionally in plants from various families (2, 5) . Because of these characteristics, an important role in plant disease resistance has been suggested for phytoalexins, and considerable circumstantial evidence for such a role has accumulated (2) . To evaluate the significance of phytoalexins in plant disease resistance, quantitative knowledge oftheir exact spatial and temporal distribution within plant tissue at and near infection structures of invading microorganisms is of great importance.
Fluorescence and UV microspectrophotometry have been used in several studies to show the localization of phytoalexins at infection sites (6, 9, 10) . This technique is limited to systems in which characteristic fluorescence and/or absorption spectra for the phytoalexin(s) can be obtained from the tissue being examined. Furthermore, quantitation ofthe phytoalexins by this technique is difficult. Techniques such as TLC, GLC, and HPLC are not sufficiently sensitive to quantitate phytoalexins in the extremely small amounts of tissue immediately surrounding infection sites. We have recently applied laser microprobe mass ' Supported by Deutsche Forschungsgemeinschaft (SFB 46) , Fonds der Chemischen Industrie, BASF (Ludwigshafen). (18) , ABA (17) , and cAMP (16) , that occur in low concentrations in plant tissues. This suggested that this technique might be applicable to the quantitation of phytoalexins in the cell layers immediately surrounding infection sites. We report here the successful development of a radioimmunoassay for glyceollin I (Fig. 1) , the major phytoalexin produced by soybeans (Glycine max). Mm) were cut parallel to the epidermis using a freeze microtome (R. Jung, Heidelberg, FRG) at -20C. Every other section was extracted with 1 ml of 10% (v/v) methanol in H20, and 0. l-ml aliquots of the extracts were analyzed for glyceollin I in the radioimmunoassay. The remaining tissue sections mounted on microscope slides were examined for fungal hyphae by means of an indirect immunofluorescent stain (15) . The area of the sections was also determined under the microscope, thus allowing the volumes ofthe sections to be calculated.
MATERIALS AND METHODS

Soybean
RESULTS AND DISCUSSION Generation of Antisera. Glyceollin I was coupled in good yield to a diazotizedp-aminohippuric acid derivative ofBSA. Injection of the conjugate into rabbits led to the production of antisera against glyceollin I (Fig. 2) . Sera obtained 1 week after the second injection were able to bind up to 60% ofa ['25I]-labeled glyceollin I tracer at an antibody dilution of 1:1000. The antibody titer was not increased following a second booster injection after 17 weeks (Fig. 2) . The antibody titer is low when compared with antibodies generated to mammalian peptide hormones for example, but is not out of line with titers obtained against other small molecules such as IAA or ABA (17, 18) . Although all four rabbits produced antisera to glyceollin I, sera obtained from one rabbit were used throughout the present study.
Preparation of the I'"IIGlyceoliin I Tracer. In initial experiments, glyceollin I was iodinated with unlabeled sodium iodide and chloramine T, and the products analyzed by HPLC as described in "Materials and Methods." Two iodinated glyceollin derivatives were obtained with retention times of 9.5 min (product A) and 1 1.5 min (product B). The ratio ofthese two products depended on the molar ratio of glyceollin I to iodide in the reaction mixture. At a molar ratio of 1:1 the product A to product B ratio was 3 to 7. When a 10-fold excess of glyceollin I was used in the iodination reaction, formation of product A could be suppressed almost completely. Since 20 than 1000-fold more sensitive than any other technique available for the quantitation of glyceollin I. TIME AFTER IMMUNIZATION ( WEEKS)
The assay blank was very sensitive to the protein used as the 2. Formation of antisera against a glyceollin I-BSA conjugate in carrier to ensure complete precipitation of the antigen-antibody munized rabbits. Arrows indicate the times at which booster complex with (NH4)2SO4. For example, the use of normal bovine is of the conjugate were given. The binding assay contained 100 serum or rabbit gamma'globulin as carrier resulted in unacceptfer B, 100I l of 1O% (v/v) methanol in H20, 100ul of antiserum ably high blank values (as great as 33% of the total counts).
:1000 in buffer B, and 50 Ml of [1251I]glyceollin I (-10,000 cpm) Normal rabbit serum at a 1:1O dilution consistently yielded low (v/v) methanol in buffer B. The assay was incubated and the blank values (<4% of the total counts). of binding determined as described for the radioimmunoassay The radioimmunoassay is very specific for glyceollin I (Table   xt. I). Glyceollin II and III, two structural isomers of glyceollin I (Fig. 1) Figure 4 . Levels ofglyceollin e final assay mixture decreased the maximal amount of I that are inhibitory to P. megasperma in vitro (ECgo = 0.59 ound by the antibody by only 10%. gmol/ml [7] ) accumulate in soybean hypocotyl tissue in both the acterization of the Radioimmunoassay for Glyceollin I. incompatible and the compatible interactions. Differences can ccessful generation of anti-glyceollin I antisera and the be noted between the two interactions in the distribution of o synthesize a radioactive tracer allowed the development glyceollin I and the extent of fungal penetration. Whether these lioimmunoassay for glyceollin I. The standard curve for observed differences can be correlated with the expression of iy of glyceollin I is shown in Figure 3 . 4 . Glyceollin I concentrations in soybean hypocotyls 24 h after infection with zoospores of P. megasperma f. sp. glycinea race 1 (a) or race 3 (A). Hypocotyl segments were sectioned parallel to the epidermis, the sections extracted, and glyceollin I quantitated in the extracts by radioimmunoassay, all as described in the text. The extent of hyphal penetration was determined using an indirect immunofluorescent stain (15 (12) . The amounts of the other pterocarpan phytoalexins produced in hypocotyls, glycinol, and the glyceollidins, are insignificant (12, 20) . Thus, the radioimmunoassay gives a value for the total phytoalexin content of infected hypocotyl tissue that is about 20% too low.
The relative ratio of the various pterocarpan phytoalexins found in infected soybean tissue depends on the tissue used. For example, in soybean cotyledons, the glyceollin isomers accumulate in a ratio of 3:1:1 (14) . Furthermore, glycinol, which does not accumulate in hypocotyl tissue, accounts for about half of the phytoalexins produced in the cotyledons (11, 19 (15) , the radioimmunoassay will permit an exact correlation of phytoalexin accumulation with the degree of infection by different races of the fungus. Such studies could be complemented by LAMMA analyses of glyceollin content at the cellular level (14) . 
